We propose a scheme to produce the maximally two photon polarization entangled state(EPR state) with single photon sources and the passive linear optics devices. In particular, our scheme only requires the normal photon detectors which distinguish the vacuum and non-vacuum Fock number states.
The resource of maximally entangled state(EPR state) plays a fundamentally important role in testing the quantum laws related to the nolocality [1] and in many application in quantum information such as the quantum teleportation [2, 3] , quantum key distribution [4] and quantum computation [5] . So far, it is generally believed that the two photon polarized EPR state is particularly useful in quantum information processing.
The observation of EPR pairs has been carried out by many experiments (for example, ref [6] ). However, those polarized photon pairs were only produced randomly since there is no way to know whether a polarization EPR pair is generated without destroying the state itself. The post selection property in the EPR state generation is not crucial to some quantum tasks such as the testing of the violation of Bell inequality. However, in many other tasks, such as the nonposterori quantum teleportation [7] , the quantum dense coding [2] , the event-ready entanglement is required.
Recently, some proposals are raised to make the event − ready two photon polarization EPR state or the photon number entangled state. Among all the propoals(see, e.g., Ref.
[ [8] [9] [10] ) to produce the entangled states in either polarization space or the photon number space, most of them demand both single photon sources and sophisticated photon detectors which can recognize one and only one photon Fock state. Both the single photon sources and the the sophisticated photon detectors are difficult to realize and they are thought to be the main barriers to produce the event ready polarization EPR pairs with currently existing linear optics schemes [9] . By our current technology, both the single photon source [11] [12] [13] and the sophisticated photon detector [14] are possible, howvever, it is generally believed that both of them are rather difficult to produce. On the other hand, so far a sucessful combination of thess two techniques in one experiment has never been reported.
Therefore it should be interesting to seek new schemes which do not depend on both of these two sophisticated techniques. Very recently, Sliwa and Banaszek [15] proposed a scheme not demanding the single photon source but still demanding a sophisticated photon detector. So far, all proposals in this creteria with passive linear optics devices depend on the sophisticated photons detectors to distinguish one-photon state and two-photon state.
In this letter, we propose a totally new scheme. The new scheme, countrary to Sliwa and Banaszek ′ s scheme, requires the single photon source but only uses normal photon detectors which only distinguish the vacuum and non-vacuum Fock number states.
Our scheme is skematically shown in figure 1 . In this scheme, our task is to observe the following coincidence:
Coincidence: Both the detectors D 3 and D 2 are fired; or both D 1 and D 4 are fired.
If the above coincident event is observed, then we believe that beam 2' and 4' are in the singlet EPR state: Mathematically, the total input state is
where the subscripts indicates the different beams, 
Similarly, beam 3' and 4' are in the following state
Beam 2' and 4' are now the idle beams and they are a good entangled pair if 1' and 3' are collapsed to the singlet state |Ψ
To verify this, we have to make a Bell meassurement to beam 1' and 3'. A Bell measurement can be partially carried out through using a beam splitter [3, 16] . As it was shown in Ref [3] , if beam 1' and 3' each includes one photon and 1" The component with largest probability is
The prior probability( the probability before we make an observation on the photon detectors) for this component is
For this component, there is no photon in beam 1' or 3', therefore no photon detector will be fired. Such a component will be definitely ruled out by the conditions in our concidence.
The component with the probability amplitude order ǫ is
The prior probability for this component is P 2 = Now we consider the components with the probability amplitude order of ǫ 2 . These
The total prior probability for these three components is P 3 = 6|ǫ| 4 (1+|ǫ| 2 ) 4 . We now show that component A, B will be totally ruled out by the coincidence condition. Before we go into that, we first take a look at the properties of the beam splitter used in our scheme. The property of a balanced beam splitter is sketched in figure 3 . A detailed study of the properties of a beam splitter can be seen e.g., in ref. [17] . For clarity, we use the Schrodinger picture here. The different modes are simply distinguished by the propagation directions. In our case, beam 1' and 1" are in the same mode(we denote it as mode a ) and beam 3' and 3" are in another mode, mode b. Suppose the input beams(1' and 3') are in the state |input , then the output state(in beam 1" and 3") is |output =B|input , whereB is the time evolution operator for the beam splitter. The unitary operatorB satisfies
where a † , b † are creation operators for mode a and mode b respectively, the subscripts H, V indicate the horizontal and vertical polarizations respectively, H =
 and O is a 2 × 2 matrix with all elements being 0. Note that the evolution operatorB also satisfieŝ
due to the fact of no input no output. Here the subscripts in and out indicate the input beams and output beams respectively. In our case, the input beams are 1' and 3' the output beams are 1" and 3", therefore |00 in = |00 1 ′ 3 ′ and |00 out = |00 1 ′′ 3 ′′ .
With the above two equations, in general the state in the output beams and the state in the input beams are simply related by:
easily calculated by using eq.(6). In our treatment, all the creation operators are time independent since we are using the Schrodinger picture. Now we consider the component A. Since A is a simple product of different modes, we only consider evolution to the part in beam 1' and beam 3'. There is no nontrivil change in beam 2' and 4'. For the input of component A, the output state of the BS here is
This is a direct consequence of eq (8) . Moreover, using eq(6) one can easily obtain
The exact form of the term |HV photon. However, after the two half wave plates(HWP) the term is changed to
and the subscripts a, b indicate the propagation direction in 1",3" respectively. One may easily check this result by using the time evolution operator of the HWP defined as
Obviously, the two detectors fired by the state in equation (11) will be either ( D 4 ) , however, the required coincidence will never happen with the state of eq.(11) ! Therefore component A is now totally ruled out.
Similarly, for the component B, the output state of the BS is
It's easy to see that component B should be also ruled out due to the same arguments used in the case of component A.
Now the only component with the same order of probability amplitude ǫ 2 is the component C. One can first recast the formula for component C in the following (14) where |Ψ ± ij is defined as
As it is well known, to a beam splitter, if each of the input beam includes one photon and the total input polarization state is symmetric, one output beam must be vacant. For the component C, each of beam 1' and 3' always includes one photon. The first three terms are all symmetric states. Given these three terms as the input, one output beam of the BS must be vacant. Consequently, given those three terms as the input, one will observe that either both (D 1 , D 2 ) or both (D 3 , D 4 ) are silent. This definite violates the conditions of our required coincidence therefore the first three terms of the right hand side in eq (14) in the component C are excluded for a coincident event. However, the last term in eq. (14) with a probability close to 1.
In our scheme, the total probability for the concident event is around |ǫ| 4 . In the above study, we have not taken the components with a probability amplitude in the order lower than ǫ 2 into consideration. If a required concident event is observed, although the state ρ 2 ′ 4 ′ for the idle beams is very close to the singlet state |Ψ + 2 ′ 4 ′ , it is not the perfectly pure singlet state because the idle beams could be a single photon state or a vacuum state with a very small probability. To calculate the fidelity between the produced state ρ 2 ′ 4 ′ and the perfect singlet state |Ψ − ,we need calculate the post probability(the probability after the observation of the coincident events) of ρ 2 ′ 4 ′ being the singlet state. In the case that a concident event is observed, the total prior probability of all the impossible states is
We assume the worst situation that all lower probability states will cause the coincident events. In such a situation, when a coincident event is observed, the fidelity between ρ 2 ′ 4 ′ and the singlet state is
The fidelity should be actually a bit larger than this because some of the lower order probability states will violate the coincidence conditions. This is to say, if we set ǫ = 1 20
, we can make a singlet state in beam 2' and 4' with a purity larger than 99%, once the coincident event is observed.
In general, the effiency of a photon detector is far from perfect. In our scheme, if the effiency is η, the total probability for the coincident events is changed to η 2 |ǫ| 4 . When a coincident event happens, the lower bound of the purity of the idle beams is 1 − 4|ǫ| 2 η −2 . This is to say, e.g. given the effiency η = 0.5 and ǫ = 1 20
, the fidelity between ρ 2 ′ 4 ′ and the singlet state is larger than 97%.
In conclusion, by using the scheme as shown in figure 1 , we can prepare a good EPR 
